move times and settling times while minimizing the remaining vibrations must be provided by a high performance revolving flexural link. Recent academic work in this area focus on two close related problems. The first priority is concerned with the vibration control while the link is moving. The second problem is the post-slew ending position control. In an attempt to resolve these difficulties, this present paper is a continuation of [l], a regulating reference input technique combined with the aforementioned direct tuning design scheme in order to modify the system output that makes the corresponding closed-loop system of the revolving flexural link for optimal trajectory tracking performance is presented. @ 1999 Elsevier Science Ltd. All rights reserved.
REGULATING INPUT ALGORITHM
The regulating input method for system output modification has been used in the control system design [2-81. Aspinwall [3] suggested that the applied torque could be represented as a series of sine waves and their amplitude can be selected to reduce the remaining dynamic response. Swigert [4] used an appropriating shaped torque to minimize the remaining vibration and the effect of the modal frequency vibration.
These methods for system output modification cannot achieve the time optimal operation [5] . In this section, instead of employing the usual output response modification technique, which convolves the reference input with a sequence of impulses having appropriating magnitude within the time domain, the direct superposition method for correspondingly regulating rectangular pulse input will be derived for the closed-loop revolving flexural link system to eliminate remaining vibration.
Essentially, this technique involves generating an altering the shape of the reference input in order to make the system output does not result in vibration. e-Cw(t-ts) COS (Wdm) (t -t3) _ 2Ce-
where
1, t 2 a,
and when t = t3, Cl(t) + G(t) = AI + Az = h,
where h is the desired system output.
The two responses shown add to form a vibration free output which eliminate vibrations at the natural frequencies of interest is shown in Figure 1 . By superposition of these two responses,
equations (81) and (82), and using equation (83), the following parameters can be obtained to produce a vibration free output for a single-degree-of-freedom system.
(87) E = &n/-= maximum overshoot, w = undamped natural frequency, C = system damping ratio. 
COMPUTER SIMULATION

Numerical Results
The designed controller combined with the regulating input command will be applied to reduce the first dominant vibration mode for the revolving flexural link motion. The characteristic value used for vibration control is shown in Tables 1 and 2 . The system state space model, equation (63) in Part I, will be used for computer simulation. Time(se0) 
Discussions
The transient response of a single-degree-of-freedom system to a unit-step input is shown in Figure 8 (see [9] ). B ecause the regulating reference input command depends on the peak time of the stable system, it is advised to choose the damping ratio equals to 0.1 closely for remaining vibration control in order to get the best tracking performance. This concept has been shown in Figure 9 .
For this revolving thin flexural link control system implementation, a sinusoidal voltage can be used as an input to decide the system undamped natural frequency and damping ratio. This sinusoidal-signal is input to the motor amplifier and its frequency is swept in the range of the interest. The resonance frequencies or the system undamped natural frequencies can be easily identified for this revolving flexural link. Because, for these, the tachometer outputs have msximum amplitude and show a 90' change in the phase lag with the input signal [lo] . The damping ratio can be determined from the experimentally obtained log-magnitude curve by measuring the amount of resonant peak near the undamped natural frequency and comparing this with the curves of the standard quadratic transfer function (91. Once the undamped natural frequency and the damping ratio is obtained, the regulating input command and direct tuning process can be used for system output response adjustment. In general, control system design is an iterative process, usually it cannot be satisfied with the first try in the real implementation. It is advised that several different sets of the direct tuning gain values be examined.
CONCLUSIONS
A very realizable direct tuning controller combined with the regulating input command has been shown successfully to delete the remaining vibration of the revolving thin flexural link. The state space model can also be shown effectively for computer simulation.
The computer simulation results reveal that the proposed complete control strategy can get the best system trajectory tracking property. Instead of relying on the previous knowledge such as the system mathematical model or observer estimation as in the traditional control system design, once the system undamped natural frequency and the damping ratio is obtained, one is led to speculate that this entire control strategy may perform very well in the real word implementation.
